A method has been developed whereby the magnitude of a transient in 02 uptake attributable to photosystem (PS) I activity, following singleturnover laser flashes of varying energy, can be used to measure the optical cross section of PSI. As measurements are made under the identical physiological conditions for which the cross section of PSII has previously been determined (AC Ley, DC Mauzerall 1982 (1, 4, 9) . Thus, an objective measure of the absolute size of the photosynthetic unit and of the distribution of the pigments between RCI and Ii is a useful tool in the study of the structure and function of these systems.
As a means of maintaining the efficiency of photosynthesis, the optimal size of a photosynthetic unit, defined as the number of pigment molecules capable of transferring energy to a given reaction center, can vary with changing environmental conditions. It is known that several hundred Chl molecules are associated with reaction centers (RC)' for PSI and PSII in plants and algae, together with many additional components such as Cyt and quinones. Recent research has made it increasingly clear that no simple or single stoichiometry of these components prevails, and that the relationships among the components of the photosynthetic apparatus can change on both a long and short time scale (1, 4, 9) . Thus, an objective measure of the absolute size of the photosynthetic unit and of the distribution of the pigments between RCI and Ii is a useful tool in the study of the structure and function of these systems.
The absorption properties of a reaction center and its associated pigments can be quantitatively described in terms of its optical cross section a, the area for photon capture by the lightabsorbing pigments. This quantity, which for an isotropic system varies directly with the absorbancy index, can be translated into the number of pigment molecules functionally contributing to a particular photoreaction by use of the measured in vivo absorption cross section for a pigment molecule at the specified wavelength. At wavelengths where the different Chl have similar absorbance, the conversion to obtain the total number of Chl (6) .
Relative 02 flash yields (PSII activity) and respiratory oscillations (PSI activity) were measured with a Pickett-type 02 polarograph as described previously (6) . From (6) . Briefly, cells on the electrode surface were illuminated with a train of saturating laser flashes at the rate of one flash every second. When the amplitude of 02 production had become constant, the flash energy illuminating the cells was diminished with one or more of the filters. The mean amplitude of the 02 produced as a result of the first attenuated flash was recorded, after which the filter(s) was removed and flash energy returned to saturating values. In this way, an entire light saturation curve could be rapidly obtained for cells in a steady state of pulsed light.
For the measurement of the light-induced signal used here as an indication of PSI activity, algae were first dark-adapted by covering the electrode system with several layers of black cloth in a very dimly lit room for 3 min (such that no 02 evolution could be measured following the first two flashes of saturating laser light delivered to the cells). Cells were then illuminated by the specified number of laser flashes of the indicated energies before returning to dark conditions. followed by an overshoot in the opposite direction of similar duration, and a series of damped oscillations before returning to baseline levels of respiration (Fig. 1) .
Ried (10, 11) found this behavior to be independent of oxygen evolution in Chlorella and Scenedesmus because it was not inhibited by DCMU, an inhibitor of photosynthetic oxygen production. On the other hand, this oscillatory activity was inhibited by 5 mm glucose, which did not affect02 production. Furthermore, the action spectrum of the magnitude of the oscillations followed that attributable to PSI activity (12, 13) . The oscillations occur only in the presenceof CO2 or HCO3 , and are best observed in dark-adapted cells (they do not occur in cells exposed to white background illumination greater than 6 x 10-2 mW/cm2; data not shown). The light saturation curve of the respiratory oscillations (Fig.  3B, open circles) indicates a mean cross section similar to that of PSII, but shows marked broadening compared with the ex- Plant Physiol. Vol. 84, 1987 ponential behavior depicted in Figure 3A . While such a curve is generally indicative of nonuniformity in a, other sources of nonuniformity (e.g. illumination, optical thickness and anisotropy of sample, etc.) must be excluded. In these experiments, the light distribution was uniform by inspection and the objective criteria of the fit of the data of the O2 yields, leading to the conclusion that heterogeneity in the system is limited to the optical cross section ofthe unit. This conclusion is also consistent with findings of Greenbaum from measurements of H2 production by PSI in Chlorella (2, 3) . Replotting of the data published by Weaver and Weaver (14), in which an EPR signal was used to measure photoexcitation of PSI of spinach subchloroplast particles at 694 nm, on a logarithmic scale yields a curve for the light saturation which demonstrates a similar deviation from the exponential curve as the data in Figure 3B .
Two possible origins of heterogeneity in a are: (a) units having different numbers of identical chromophores, resulting in a distribution of cross sections, and (b) units having chromophores with different absorption spectra, resulting in discrete a values. By comparing the data with the curves predicted by the respective models, the likelihood of either possibility can be evaluated. As a possible fit, the data in Figure 3B are presented against the curve predicted for a 10- 
